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RESEARCH MEMORANDUM

LOW-SFEED CHARACTERISTICS OF A 45° SWEPT WING
WITH LEADING-EDGE INLETS

By Robert E. Dannenberg
SUMMARY

‘An investigation was conducted to determine the low-speed aerody—
namic characteristics of a 45° swept wing with leading-edge inlets.
The wing had & constant chord and completely epanned the wind tunnel.
The inlets extended over spproximately the centrsl third of the span of
the wing and the height of ths entrance was varied from 15 to 50 per—
cent of the maximmm thickness of the wing. Pressurs—distribution and
wake—survey mesasurements were obtained for the wing with various Inlet
shapes.

The wing with an initet was found to possess section characteris—
tics which were, In genersl, similar to those of the comparable plain
swept wing for only a small rangs of positive angles of attack. Within
this range, the losses of ram pressure within the Inleis were small. At
some positive angle of attack a reglon of separated flow developed on
the upper surface of the ducted section of the wing nmear the leading
edge. With flow separation, the 1ift generally was Increased over the
span of the Inlet and was decreased over the span of the wlng down—
stream of the inlet.

IRTRODUCTION

The information avelleble in regard to the proper shape for an alr
inlet opening on e swept wing 1s meager; the date that are available
conslist of the results of tests to develop alr inlets for specific
uses. One study, described In reference 1, consisted of tests of var—
ious shape openinge on a wing wlth the leadingedge line swept Lo°,
These tests were made only for an angle of attack of 0°. Other applica—
tioms were designed for ram-Jet instellatioms In which the Inlets
extended along the full span of the wings (refersnces 2 and 3).

" PERWANENT F
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An Investigation of a method, employling a lofting technique, for
the design of leadlng—edge inlets in unswept wings was reported in
reference 4. A wing with inlets designed by this method was found to
posnegss sgatlsfactory 1ift, drag, and pressure—distribution characteris—
tics.

Thls report presents the results of an Investigatlion of the effects
accompanying the additlon of various leading-edge Inlets to a wing set
obliquely to the free—stream directlion. Several of the inlet profiles
tested were geometrically slimilar to those tested on the unswept wlng as
reported in reference k.

In order to meke the present Investigation comparable with that of
reference 4 the leading-edge inlets were fitted to a constant-chord
wing having the same sectiom normel to the leadling edge, but with the
leading edge swept 45°, The swept wing was mounted across cme of the
Ames T- by 10-foot wind tunnels as the experimental resulits 1n reference
5 had Indicated that the flow over the central portion of the span of
the plain swept wing satisfactorily approximated the flow ebout a yawed
wing of Infinite span as glven by simple swesp thsory.

SYMBOLS AND COEFFICIERTS

The symbols which indicate the geometric properties of the plain
and ducted alrfolil sectlons sre shown in figure l. All geomstric dimen—
gions are 1In percent of the chord. Force and moment coefflcients are
based on the chord in the stream dlrection.

a distance from origin of upper—lip 'leading-edgs
radius to chord line

A entrance area, corresponding to span of the Inlet times the
inlet-entrance height (d), square feet

b distance from origin of lower—lip leading-edge
radius to chord line

cq oexternal wake drag coefficient

cy . sectlion 1ift coefflcilent

Cm section pitching—mmnent coefficlent about the qua.rter—
chord point :

d inlet-entrance helght

H total pressure, pounds per sguars foot
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AH decrement in total pressurs, pounds per sguare foot

ExP0  yam recovery ratio

Hopo

ki, k2 Interference factors

ye) gtatlic pressure, pounds per square foot
P pressure coefficient (P_z_—_PQ_)
Qo
q dynamic pressure, pounds per square foot
r lip radius
t maximum thickness of alrfoil seciion
v veloclty, feet per second
Vi
e inlet—veloclty ratio
Yo
x distance along chord measured perpendicularly from
lsading edge
¥ ordinate of sectlon msasured perpendicularly from the
chord line
a angle of attack In streamwlse plane, degrees
o] stagger of Inlet opening measured In a plane perpendicular to
the leading edge, (acute angle between line normsl to chord
line and line Joining the orlgins of the upper— and lower—lip
radii), degrees
Subsecripts
o free—stream
1 local

u uncorrected
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1 in duct inlet at rake station (5 percent of the chord
behind the leading edge)

MODEL: AND APPARATUS

A sketch of the model installstion and of a typlcal section
through the central portion of the model are shown In figure 1.

The model was a constant-chord wing swept 45° and extended from
8lde wall to side wall of the wind tunnel as shown in flgure 2.
Sections perpendicular to the leading edge of the plain wlng were the
RACA 631—012 wilth a chord of 2.5 feet. Coordinates for the NACA 631—012
section are given In reference 6. The axis of rotatlion for angle—of—
attack changes was perpendicular to the streem direction and crossed the
chord line of the midspan station of the wing at 35 percent of the
chord. A removable inlet occupled the central portion of the span.

The leading-edge inlets Investigated on the wlng are illustrated
in table I and the coordinates of the lipe are tabulated in teble II.
The entrance heights varled from 0.15 to 0.50 of the meximim thickness
of the alrfoll. The profiles shown In table I are thoss perpendicular
to the leading edge of the wing. The shape of the airfoll behind 1ts
maximim thickness remained unchanged. The Inlet profiles and the means
of fairing the inlets iInto the solld wing In the spanwise direction
wore determined, with some modification, according to the design method
discussed 1n reference 4. No attempt was mede to simulate an aircraft
internal—duct system insofar as the inner—surface coordinates were con—
cerned. '

Air was drawn through the Inlets into the hollow spar in the wing
and then through a ducting system by a compressor outslde the test
chamber. The gquantity of alr flowing through each inlet was calculated
from the pressure drop across a calibrated orifice plate. For the
large Inlets, the maxlmum value of inlet veloclty was limited by the
output of the compressor so that in order to obtaln an inlet—velocity
ratio of 0.8, the spanwlse length of the higher openings was reduced
from LO percent of the span to 24 percent of the span. The entrance
areas In the Inlets are glven in the following table:

a/t 0.15 0.20 0.25 0.35 0.50

.18 02)4' .30 '25 '36

A
(sq £t)

Bench tests of a model simulating the Internal duct system
(fig. 3) indicated that the inlet velocity would not be uniform across
the span of the opening unless gulde vanes were used within the duct to
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proportion the flow properly. The vane arrangemsnt that provided the
best distribution of flow at the inlet and that which was used for ths
wind—tunnel tests 1s shown In figure 3. A screen was also placed at
the entrance to the spar (fig. 1(b)) to improve further the entrance
flow distribution.

The pressure distributions over the upper and lower surfaces of the
wing were determlned by means of flush orifices distributed over ths
surface of the model as indicated in figure L. The pressure distribu—
tions over the Inner surfaces of the Inlet 1ips were measured at the
midspan by flush orifices 0.5, 1.25, and 2.5 percent of the chord from
the leading edges of the upper and lower lips.

The inlet pressure losses were measured by means of rakes of total-—
prassure tubes 5 percent of the chord behind the leading edge. These
rakes were located at varlous spanwlse statlons along the inlst. The
rake tubes were parallel to the chord plans, were alinsd 1in the direc—
tion of the free stream, and were equally spaced as noted in figure 1(b).
The sritimetic mean of the pressures Indicsted by the Individual rake
tubes was used to calculate the ram—aecovery ratio.

The lateral devietions of the flow direction In the inlets relative
to the free streem were msasured by means of small prong—-type direc—
tional pressure rakes. (See fig. 5(a).) The rakes were located near
the midspan of the various inlets (52—percent-span station). For ons
inlet (d/t of 0.25 with 20° stagger), directional rakess were also
located on both sildes of the midspan of the inlet (38 and 60 percent of
the wing span).

The wake pressures used in calculation of the wake drag were
measured by a survey rake that wae connected to an integrating manometer.
The tubes of the rake were in a plane psrpendiculer to the chord plane
and were alined in the direction of the free stream. The traverse of
ths survey rake behind the wing is indicated in figure 4.

TESTS

The swept wing with the verious iInlets 1llustrated in table I
was tested at angles of attack from 0° to 12°., Whenever possible, the
tests were made with & free—stream dynamic pressure of 40 pounds per
square foot, which corresponded to & Mach number of 0.16. The Reynolds
number for this dynamic pressure was 3,900,000 based on ths,chord in the
stream direction. In some cases, however, in order to obtain highsr
valuss of inlet—veloclty ratlio, the dymamic pressure was reduced to 30
pounds per square foot which corresponded to a Reymolds number of
3,400,000. The wake—drsg measurements were made at a dynamic pressurs
corresponding to a Reynolds number of 6,200,000.
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The section 1ift and section pitching-moment coefficlents for the
wing were obtalned by Integration of the chordwlse pressure—dlstribution
curves, The tunnel-wall corrsctlion to the angle of attack, applied
according to the methods discussed in reference 5, is given by the fol-
lowing equation: -

=Q,u ——].E-Liz—

1l + kzc

The values of ki and ko along the span of the wing (from reference 5)
are glven in figure 6(a) and the variation of the correction along the
span is given in Pigure 6(b) as a function of section 1ift coefficient.

The wake drag cosfficlents were calculated from the dlstributions
of gtatic pressure and total-pressure loss through the wake by the
methods dlscussed in reference T.

With the guide vanes in the Intermsl duct as shown in figure 3(b)
and a screen at the spar entrance as shown in figure 1(b), the velocity
at all points in the Inlet was within 3 percent of the mean inlet velo-—
city-

As the rake tubes used to measure the Inlet pressure losses wers
alined in the direction of the free stream, it was necessary to eval-
uate the effect of the angularity of the flow on the pressures as
indicated by the total-pressure tubes. ' The total—pressure error of the
rake tubes due to changes in the flow direction shown in figure 5(c) was
determined from the results presented in reference 8. When the change
of the lateral flow angle with the 1Inlet-velocity ratlo was considered,
it was noted that the largest observed error of ram—srecovery ratio was
legs than 0.03. Since the correctlion factors for flow angularlity would
be very small, at least at the center of the inlet, the measursments of
ram-recovery ratlo were not corrected for the flow angularity.

RESULTS AND DISCUSSION

Surface—Preasure Characteristics

Chordwlse digtribution at midspan,— The chordwise veriations of

the pressure coefficients over the external surfaces of several of the
ducted alrfoll sections are presented in flgures T, 8, and 9 far en
inlet—velocity ratic of 0.8. For small positive angles of attack the
pressure distributlons are of the shape indiceted by the solid line in
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the gketch. The type of flow asso—
ciated with thls pressure dlstribu—
tion is termed "attached flow." At

some positlve angie of attack, a par—
t1al collapse of the preseure peaks

over the leading edge of the upper
surfaces occurred, accampanied by the
formation of a reglon of approximately
constant pressure as Indlcated by the
deshed line In the sketch. This latter
type of flow is termed “separated flow."
A summary of the data showing the angles
of attack at which the external flow Chord .
separated for the inlets illustrated in

table I(a) 1s given in flgure 10. A study of the pressure distribution
over ths plasin wing as reported in reference 5 did not Iindicate any com—
pareble separatlion for angles of attack from 0° to 12°,

It 1s of Interest to note that the Inlsts with stagger encoumibered
flow separstion at smaller angles of sttack than dild those without
gstagger. The lip radlus and thlckness distribution of the upper 1lilp of
an inlet having a 4/t of 0.20 with 20° stagger were veried as illus—
trated in table I(b). The results are given in figure 11. The
incremssed thickness of the upper 1lip with constant 1ip radiuvs rsised the
angles of attack at which separation was Tirst indlicated to values

nearly equal to those for the unsbaggered inlets.

With attached flow over the Inlets, the pressure coefficlents on
the forward 15 to 25 percent ‘of the airfoil differed from those over the
plain airfoil (reference 5) in a manner depending on the inlet—veloclty
ratio., Typical pressure distrlbutions for inlet—veloclty ratios of
0, Ok, and 1.2 sre presented in figure 12(a) for an inlet with a 4/t
of 0.25 and 20° stagger. The distribution for an Inlet-velocity ratlo
of 0.8 is given in figwre T7(b). Values of the minimum pressure coeffi-—
clent on the upper surfaces of the varlous inlets for the inltet—
velocity ratlos obtalned in the present test are given in table IIT.

For positlive angles of attack, the changs iIn the pressure distribu—
tions over the lowsr extermal surfaces dus to Inlet—veloclty ratic was
amall and for most englneering purposes the pressure distribution could
be coralsidered unchanged from that presented for an Inlet—weloclty ratio
of 0.8.

Camparlison at equal angles of attack of the pressure distributions
for the inlets with attached flow with those for the plain airfoil
between approximately 20-percent chord and 60-percent chord revealed
that, In this region, the pressure coefficients behind the inlets wers
iess negative than those for the plaln sirfoll for all test values of
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inlet—velocity ratioc. From approximately 60—percent chord to the
tralling edge, the pressure distributlione remeined essentially
unchanged from those of the plein airfoil. _

The pressures over the Inner surfaces of the inlet 1ips were
measured by orifices 0.5, 1.25, and 2.5 percent of the chord from the
leading edges of the upper and lower lips. At zero angle of attack the
measured pressures on the Iinmer surfaces of thse upper and lower llps
were essentlally of the same vaelus. For positive angles of attack, the
minimm pressure occurred at 0.5-percent chord on the lower lip with
8lightly lncreased pressures at the two downstream orifices on the lowsr
lip end over ths inner surface of the upper lip. The minlmum pressure
coegfficients on the Inside surfaces of the lower lips are glven in
figure 13 for angles of attack of 0%, 4°, and 8°.

Spenwise distribution.— The addition of an Inlet on the swept
wing resulted in a change In the spanwise distributlons of pressure
compared to those for the plaln wing as given in reference 5. The
pressure distributions over the wing adJjacent to the ducted portions of
the wing (i.e., the 27.5~ and T2.5-percent—span stations) as well as
the spanwise distributiomns along the 5—, 15—, 30—, 50—, and 80-percent—
chord lines, shown in figures 14 to 16, are representative of those for
the model with the Inlets tested in this investigation.

With attached flow over the inlet sectlion, the spanwise distribu—
tion wae relatlvely unchanged from the distribution for the plaln wing.
However, with the onset of separation, the section load distribution
over the ducted wing underwent an abrupt change. The load distributlon
over the portion of the wing, the leading edge of which was upstream of
the inlet, was effectively unchangsd. Over the ducted portion of ths
wing the changes in distribution with inlet shape were commensurate
with the data shown in figures T to 12, In addition, the magnitude and
the spanwise portion of the minimum pressure coefflcient changed with
angle of attack, as exemplified by figures 15(a) and 15(b).

Comparison with results predicted from tests of unawept inlet.—
Simple sweep conslderations Indicate that pressure coelficlents for &
swept wing of Infinite aspect ratio should vary as the square of the
cosine of the angle of sweep. This was shown to be the cass experl-—
mentally in reference 5 for & regiom over the central half of the span
of the wing without an inlet. In figure 12(b), the measured pressure
distributions over the upper surface of the swept wing having an inlet
with a &/t of 0.25 and 20° stagger and the distribution computed from
the results for a similar Inlet on the unswept wing are compared at two
angles of attack. The corresponding angle of attack of the unewept
wing was determined from the relation . .

dgwept wing = Munswept wing X cos 450
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As noted in figure 12(b), the agreement of the computed pressure
coefficients with the measured pressure cosfficients was good for an
angle of attack of 0° except for an Inlet—veloclty ratio of zero ahesd
of about 6-percent chord. For an angle of attack of L.14°, the agree—
ment of the computed values with thse measured values bshind about
20—percent chord wes also good; however, nearsr the leading edge the
measured pressure coefflcients were somewhat less negative than those
predicted by the cosine—squared relationship of slmple sweep thsory.
Within this region neer the leading edge the predicted effect of inlet-
veloclty ratio was approximestely corrsct, but 1t appears that the effect
of angle of attack on the pressure distributlons was not adequately
taken into account by simple sweep conslderations.

The results of tests of inlsts on the unswspt wing reported in
reference 4 indicated that increasing the inlet—velocity ratilo
increased the maximm 1ift coefficient until values equal to that of the
plain airfoll were obtalned. Re-examinatlion of these data indlicated
that flow separation near the leadlng edge occurred at an angle of
attack slightly lower than that at which the plain wing stalled. For
the unswept wing with an inlet having & d/t of 0.15 and 20° stagger,
separation occurred for angles of attack between 9° and 10° for an
inlet—velocity ratio of O.4 and between 11° and 12° for an inlet—
velocity ratio of 0.8. For the similer inlet on the swept wing, the
angles of attack at which separation occurred were 6.7° and 7.5° for
inlet—velocity ratios of O.4 and 0.8, respectively. (See figure 10{a).)
These data would indicate that the corresponding angles of attack for
flow separatlon are given approximately by the cosine relation.

In reference 4, a method 1is presented whereby the effects of
chenges in inlet ordinates, camber, intet—veloclty ratio, and angle of
attack on the veloclty distributlon for an inlet on an unswept wing can
be calculated. (See equation {13) of reference L4.) The local veloci-—
tles are broksn down into various components as is done 1n the case of
airfoils in potential flow (reference 6). To determins whether this
method could be adapted to Inlets on a swept wing, calculations were
made of the velocity distributions over lips 21 and 23 (table I(b)}) for
inlet—velocity ratios of 0, 0.8, and 1.6 using the coordinates end data
for 1ip 9 as a base. The numerical procedure employed was similar to
that discussed in the appendix of reference k.

Computations made for angles of attack wlth attachzd flow over the
Inlets agreed well with the experimental results when the experimental
veloclty distributions from lip 9 were used as the baslc distribution.
Attempts to predict the veloclty distributlon over lips 21 and 23 using
the experimental dsta from the unswept counterpart of lip 9 adjusted
for the effects of sweep did not provide campletely satisfactory agree—
ment,
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Lift and Pitching-Moment Characteristics

The 1ift characteristlics for a section at the midspan of the wing
with various leading-edge Inleis are shown in figure 17. Similar data
Por the plaln swept wing (obtalned from reference 5) are also shown
for comperison. The 1li1ft coefficlents were obtained by Integration of
the chordwlse pressure—distribution dlagrams. Typlcal 11ft curves for
sections on each side of the ducted portion of the wing (the 27.5— and
T2.5-percent—span astations) are shown in figure 18, while the pitching-
moment characteristics at the three stations are given In figure 19.

The varlations of section 1lift coefficlent along the span of the
plain wing without an Inlet are presented in reference 5. The ref-
erence yesulte Indicated that the section 1ift coefflcients were rela—
tively constant between the 2T7.5— and T2.5-percent-epan stetions far
glven corrected angles of attack. At a corrected angle of attack of 10°
the section 1ift coefficient at 2T7.5-percent span was 0.7l and increased
linearly to 0.75 at T2.5-percent span. The results of the present
investigation indicate that adding an inlet to the wing had but a small
effect on the spenwise variation of 1ift for angles of attack from 0°
to 6° or 8°., For higher angles of attack, the lift—curve slope
decreased for sections of the wing downstream of the inlet and at
T2.5-percent span the 1lift was below that of the plaln wing as indi-—
cated in figure 18. Increasing Inlet—veloclity ratio resulted in
increased 11ft over this portion of the wing and reduced 1ift over the
ducted section of the wing.

There was no perceptible changs 1n the pltching-moment character—
istics about the one—quaerter-chord point of & section of the wing with
an inlet compered to that of the plaln swept wing.

Wake—Drag Characteristics

Assocliated with the onset of flow separation over the upper
surface of the ducted portion of the wing there was an abrupt change in
the drag characteristice as computed from wake—survey measurements.
The change In drag was characterlzed by changes in the slze and shape of
the weke. For posltive angles of attack less than those for which sepa-—
ratlon occurred, the total pressure through the wake varied I1n a manner
simllar to a cosinse—squared curve. When flow separation occurred, the
wake width increased and the maximm pressure loss decreased, although
the integrated pressure logs, and hence the drag, increased. The span—
wise varilations of the wake drag coeffilclents for four wing—inlet cam—
binations are shown In figures 20 through 23. Wilth attached flow, the
wvake drags decreased with increasing inlet—veloclity ratio.
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The increase in waks drag of the entlve wing panel due to the
addition of an inlet was obtained by integreting over the span of the
survey the increment in local wake drag due to the Inlet. For an
inlet—velocity ratlo of 0.8, the addition of the inlet noted in
figure 20 resulted ln a camputed increment of drag coefficient based on
the wing arsa of 0.0001 and 0.0003 for uncorrected angles of a.ttack of
0° and 5°, respectively. With zero inlet-velocity ratio and for 0°
angle of attack the Increment was 0.0010. From inspsction of figures 21
to 23 it is apparent that the drag lncrement increased slightly as the
iniet height was Increased.

Internal-Flow Characteristics

The local ram-recovery ratlos for three inlets having d/t ratios
of 0.20, 0.35, and 0.50 with the lips staggered 20° are shown as
functions of the angle of attack in figure 24. The angle—of-attack
range for high ram—=rscovery ratio was small. The reduction in the ram—
recovery ratlo for the higher angleas of attack apparently was due %o
flow separatlion from the inner surface of the lower lip.

Teats with several Inlets Indlcated that the directlon of the flow
at the inlet was approximately parallel to the leading edge of the wing
at zero inlet—wvelocity ratio. As the Inlet—veloclty ratlo increased up
to 1.2, the flow direction approached that of the free stream as shown
in figure 5(b). The shaded area in figure 5(b) represents the range of
flow angles obtalned for positive angles of attack with attached flow
over the imner surface of the lower lips. No systematic varlation in
the flow dlrection with inlet geometry was noted.

CONCLUDING REMARKS a

The results of an Investigation of Inlets instelled in the leading
edge of a 450 swept wing having the NACA 63 —012 section perpendicular
to the leadling edge indlcated the following. .

At soms positive angle of attack, the flow over the ducted portion
of the wing was characterlzed by the pressure pesk over the leading
edge of the upper lip being replaced by a region of approximately con—
gtant pressure. As the angle of attack was increased, the constant—
pressure region extended over a larger portion of the chord. This flow
separation was delayed to higher angles of attack by decreasing the
entrance-height ratic, by increasing the thickness at the nose of the
upper lip, or by decreasing the stagger.
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The differences in the spanwise variation of 1ift characteristics,
as for the plair wing, were found to be small for positive angles of
attack up to 6° or 8°. At higher angles of attack the flow separated,
and the 1ift generally was Increased over the ducted portion of the
wing and was decreased over the portion of the wing downstream of the
1nlet-

The spanwise variations in the wake—drag and moment characterisicics
of the inlet sectlon with internal air flow were, in general, small
except where affected by the flow separation.

The angle—of-attack range for high ram-recovery ratic was smmll,
Flow separation from the immer surfaces of the lower lips apparently
caused a reduction In ram-recovery ratio for the highsr angles of
attack.

Anmes Asronautical Laboratory,
National Advisory Committee for Aeronautics,
Moffett Fleld, Calif.
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(a) Plain wing.
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{c) Wing with inlet extending over 2lh-percent of the span.

Figure 2.- Model installation in wind tunnel.







(b) Vane arrangement.

Figure 3.- Bench-test model.
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Figure 4.— Schematic diagram of the arrangement of pressure orifices
and Jlocation of the wake-survey plane.
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(a) Prong—~type directional  raoke.

Local direction of air flow, deg
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(b) Oirection of air flow In inlet af S-percent
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(c) Variation of [lotal-pressure error with local
direction of air flow for a lofal-pressure
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Figure 5.- Direction of air flow and ifs effect on tolal-pressure
error in the inlels.
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Figure 6. Tunnel -wall correcfion for induced upwash velocily for the <45° swepl
wing mounted  horizontally in on Ames 7-by [0-foof wind [funnel.



~3.6
@y, dog
-3.2 o 0
a 2
o 4
-2.8 v [
o
-24 i & /3
) a 2
Nl \nmn I
-~ ]
§ et , \ u
{f-‘ h
3 _ME N\ N N
3 R N 3 AN
® _g A X NIAN AN
§ ™ b Upoer  surfoce L'\\\)\ Yopar  surfoce
§ s N IS
*q%i % T~
o l a |
-4
HEEEEEER Lower _suwoce HEEEEEREN) Lower _surfocs
o0 , - |=__ o~ ]
. - | A i
. v el
0 0 20 30 40 S50 60 70 80 90 OO 10 20 30 40 50 60 70 80 90 00
Percent chord . ‘Percent chord
() dst, 0O.J5. (L) dast 028,

Figure 7.~ Chordwise disiribulion of pressure af fhe midspan of inlels with various enirance ~height
ratios and 20° stagger. WV, /V,, 08,

92

621GV WH VOVN




1
M
&

AP o4 OP O

@, deg

KO3 g anco

-]

3 ]

-4 [T T 1T 11T Loww _ mrtict ] Lower_surtace

T
f
7
|

[ [

0 10 20 30 40 50 60 70 80 90 /000 [0 20 30 40 50 60 70 B0 90 MO
Percent  chord Percen! chord W

c) dst, 035 (d) dst, 0.50.

Figure 7— Concluded.

62TIGY W VOVN



-3.6
53..;54' ‘rﬂ; dei 7
=32 o o
A 2
4
-2.8 : 6
¢ a
-2.4 > o
4 12
Q-20 A
13 ot
-3 ',.6 \1
£ NER
g -2 \
Q IR . N
o -g AN : ' ] N,
§ ’ | \Yf\k\‘ Upper surface N NS - > Upper surface |
2 _4 Y ™
T e - S S,
Ol
0
I 1L |?&
AT T T T T T T T Lower _surface ] Lowsr _surface
, SEENEER: _ SuNEN
4 = - y - - o
o 10 20 30 40 50 60 70 80 90 000 10 20 30 40 50 60 70 80 90 /00
Percent chord : Percent chord
(a) Unstaggered. (b) 35° stagger.

Figure 8.— Chordwise distribution of pressure af the midspan of an inlet having a d/tf of 020

withou! stagger and with 35° stagger. 'V, V., 08

gc

. B2TTIGV WH VOVN




~-36

,, deg E
~-32 o 0 >
A 2 E
n ]
-28 v & \_:‘;"
¢ 8 E‘l
- N 0 N
24 a e \O
Q-go0
..‘.h
£
s -6
[ a iyt %
S AN 1R Y
] ANHEASEAY NN
L A ™ \'\
3 ~8 | N \\ Lpper swfoce b \\ -~ \ Uopar  surface
g ~ N N y E*FQ ) >~
g -4 ] -~ N ~
Q; ~
0 e |
| I
-4
] , -j’"' "F’f“' 11 ] ] | 1] Lcr'er ulrface
o E ] o -
] - - il
4
o 10 20 30 40 650 60 70 80 90 KOO [0 20 30 40 S0 60 70 80 %0 [00
Percent chord : Percent chord A
(a) Lip 9(radius = 000576¢) (b) Lip Z5(radius = 000432c¢),
Figure 9.— Chordwise distribution of pressure al the midspan for modifications Io the {thickness and
the lip radius of the upper lip of an infel having ¢ d/t of 020 with 20° stagger. "
0

v, 7V, 0.8.




g Fo-a4q
@y, deg I
A O I
-28 ; .
o 8
A 0
24 a 2
Q-20 ‘
- l ‘$
§-l6‘ —
% 12 X N R \x‘
3 k \ “\\ N h\‘{ N
A, N
§ -8 I !\ \ Uppar surfoce \(Lt }\‘ toper  surface
2 -« N X \4\\
S | =
) ol | SOyl et i — o
o
| | 1] T ~
-4
HEEREREREN Low _surfoce HEERREEEN Lawer _surface
— N LT
o e L]
. h.__d‘"" .= T
s et

0 I 20 30 40 S50 60 FO B0 390 000 0 20 30 40 50 60 70 80 80

Percent chord Percent chord

fc) Lip 23(radius = . 0.00576c). (d) Lip Zlfradivs = 000576¢).

Figure 8.- Concluded.

00

o€

62ETCY WY YOVK




NACA RM AS51E29 31

3:’; o° - o
2 ylg
3 o]
8 (]
> )
< 10 2075 »yy
S == W ;
’G & _*9;;99* .,;.9"’ "ﬁy 20
- N 35° .9*?9 Lo 35d
Q N ;& [ (T
6 e Stagger Stagger
% y";’ angle angle
S
Q
E 4
‘5;) Separated
't 2 ECCERTIRIRNRASNNNY
3 Affached
3
S

., (1]

o 4 & 12 6 20 O 4 8 2 (6 20

Inlet velocity ratio, V,/Vo v,/ Vo
(a) dsf, 0O./5. b) drst, 0.20.
74
Slagger - 743
0 Y angle 45 L5
. . .;;ﬁy
g 3 120 25| 2835 20
_§’ R -~ 1359
g R 35
s € =T >
g s 9,»9‘
~
4 5> 50
2
0 T
0 4 g L2 6 2.0 0 4 g L2 16 20
v/ Ve V/Ve
(c) drst, 025 ’d} Z20° stagger.

Figure [0.— The variation with inlet-velocity ratio of the angle of
attack for flow separation atl fthe midspan for various /[eading-
edge inlets.



2
D \ —~
. . Lip 21
g 0 N y K
A Lip 8 E 9"’\9}
8 N 99’9 Lip yy
% 8 , N — b
Q \ | Lip 25
", 'h\\ S w"‘ﬂy
Q [N B =y CC T
o 6% R
S
'b
2 q
b
\
§ Saparaled
e Z AAARNA AR N
) Attachad
TW'
0 |
0 4 R4 L2 16 20 0 4 8 L2 /6 2.0
Inlet velocity ratlo, V,/Ve v,/ Ve
(a) Change of leading-edge radius. (b) Change of thickness distribution,

Figure ll.— The effects of changes in [eading-edge radius and thickness disiribution
on the ongles of attack for flow separation at Ihe midspan for an inlet having
a drst of 020 with 20° stagger.

ae

6STTCY W VOVE



NACA RM AS1E29 33

ay, 0° j a, 0°

L . [ s rus ? Y/Ve Pswept Punswept
-2 4 A x cCos2 45
o 0 o o)
NG tses 1ig. 7(5) s 1T 7,
- - ee 1ig. - & —_———
2-0 I.Z 1.2 — 6

Pressure coefficient, P
<
(V)
3

-1.2 \
- \
\V
_8 !&\ ya
) 3 ‘ \‘\- [ —
-4 e
1
0
&y, ¢° a, 4./4°
? ' T i l | -
() 0 20 30 o 4 & 2 6 20

Percent chord
(a) Experiment. (b} Comparison with predictions.

Figure [2.— Variation of the chordwise distribution of pressure
with inlet~velocity rafio at the midspan of infefs bhaving a
- d/t of 025 with 20° stfagger.



arsf , deg - -
o g .
a :12% 3 /6 L .
v : -1.6 ¥-4
N .20 20 / 8 /
: :gg gsé / Jr ‘%-‘ Stagger
o 35 20 -12 stogger | ¥ J/ § -3 gl 7 ]
' ngle . V /a4
aQ g B a /, / / v, 7 20 :
3 ' of § 2 i1 YA
b ]
:, 4. iriamn im0
b -/ A2/ & /] A S
LY / g/ /'/35' E é
7] 0 4 2 0 ;
L7 8 .
s pa . 484 X o, 8
@ é l
4 A /
S 0 4 8 12 I6
s, 2., 0° s o vy ST
§ J fNote scole chonge)
S 0 4 8 Iz 16 0 4 8 12 6
infe! velocity ratio, V,/V, V,/ Ve

Figure 13- Effect of inlet-velocity rafie on the minimum pressures on the inside surfaces of

the lower Ilp-s of various leading-edge inlets.

#e

BSEZIGY WY VDVN




=
36 5z 5
~-5.32 Ty, 9 1T T1
-3.2 &t T 117 o 0 - E
2 2
o 4 b \?l;
28 v 6 =
o & \IB
- [N 0o
24 | p I/
Q.-g0 ]L
S -16
i’%
. '
‘8,-,-2 E‘\\.
N
} X
% & N | Upper  surfoce | Uppar surfoce
» N -
$ -4 o
Q_ J __J — | J—y - il
o — ]
1] NN —
-‘4 .
HE HEE Lower _surfoce LT me|w"m
0 o . —J | "T‘T[‘“—
5 1 gz ]
4 5
il e
() 0 20 30 40 80 60 70 80 90 /00 ¢ 0o 20 30 40 50 60 70 80 80 oo
Percent chord Percent! chord
(@) 275-percent spon station. () 725-percent span station.

Figure [4- Chordwise distribution of pressure at fthe 275~ and 72.5-percen! span siations for The wing
with an inlet having a d/t of Q25 with 20° slagger. Vi/V., 08.

ae



na| W% 0 i s Oﬂ"ﬂ Y \l
oI\ s Al
-20 '6/ 340 o 12 , -5.3 X '; \
/ A °
-l6 Vi Xr d \
/P' ,4} h o Ip x. l{ nr/q
12 4 il | = N Y
-8 _;/P' \\ ":::.,____ ol A -.Q.—-‘”’ II\".
Q ~ k \ L2 i "u‘\
w - o “\\L L] ul \\‘
£ o ] i X s
§ 0 0 20 30 40 50 60 70 80 90 KOO 0 20 30 40 50 60 70 80 90 b0
° fa) S-percent chord,
-
a il W7 | V/Ve, 08 \
e JI I\
&-2.0 TR l[ ore )
-6 \
/ /
) X
-2 P /R\_ % Lo N L/ F\"b i
gl EANNNEY, A A BN 1A
5 - — o =T ] e o e - il j
o - s T e il N A '
o o 20 30 40 S0 60 70 @0 80 0O . 0 20 30 40 50 60 70 80 80 oo
Percent an .
@ i (8} I5-percent chord, Percent  span

Figure 15— Spanwise variation of pressure over the upper surface of the wing with an inlef having a
d/f of 025 with 20° slogger.

ot

62ATGCY WM YOVN



P

Pressure cosfficisni,

16 Ve, O T, OM V./V., 08 \
=/ o
IIAN st [
-2 / A o 2 |
l, \\
-g _’4/5 N o . B L
il / M 4 g =1 5_-,,_ 4’» -
N b N o
-4 =2 % = %
b 7
e -
o
0O 0 20 30 40 50 60 70 80 80 o0 10 20 30 40 80 60 70 80 80 /oo
{c) 30-percent chord,
o3 N Ve, 08 F
- N
4 / N N
ot Ot N o / h
R Ve e A - A — \.‘-q-zz
oot 5 >+t = == 3 —tofol
o
0 0 20 30 40 S0 60 70 80 90 [P O N E0 30 40 50 60 F0 80 90 /00
(d) 50-percent chord,
e o ] , VY, 08
m.4 K\“ IV‘— s'\-:"'--._p\
| B , - p,
01
(4] l AT e
0O 0 20 30 40 80 60 70 80 390 K00 0 0 20 30 40 50 60 70 80 80 /00

Percent  span Percent span

{e) 80-percent chord,
Figure 15~ Concluded.

v

BEHICY WY VOVN

LE




NACA RM AS1EZ29

@y, deg
o o
A 4
a -4
& 2
-4 :
5-percent ehord
3—-0—-0——0——0——0——0—9?—0—0—0——-0—_0__0__0.__0/“
(4]
b\
Ay " ]
4 - h O~ —O—0t—1] ’ -
OO0 o—1O—~0——0
-4
15-percent chord JJ
o e ﬁi‘ - -
oot O
Q 4 Ol 10— vo\_.a_—--O—hD_ﬂ—D'
-’
R
& o] 30-percent chord
"6 —— HO=— —Cy b O—0O+
8 0 : riAy - [y [2Y =] 4
T 1T oo —:'l‘r Ot q |
® I o—to—ho—l-ot—o—c—ad—0— ==
3 4
3
g
t e
’ 50-percen! chord
o OO0 ro— -—oJ—o-—-q
o I 2 e e
——1—0—CH 0— r:;g
o
4 g
-4
80-percent chord
0 == o
o—| o= ]
: CA,
4 e

0 10 20 30 40 50 60 70 80 90 /o0
Percent  span

Figure 6.~ Spanwise variation of pressure over the lower surface

of the wing with an inlet having o d/t of 0.25 with 20°
stagger. W /V,, 0.8.



T
N
S
|
G @
Q
S
N &%
LY
Y
—
Xy

3
D
[+
1
N
~a
~
e,
\\H\
N
[

o

/&

[

i |
UEANINARAWARAD AN AW/AVi
&) A A -

Section lift coerfficlens, ¢,

4

/T VT VI VIV /T VIV
2 ) S - oo *0‘-‘9 Lof-[? — _0-9J o ”‘0"}0
aArdbabavabaADEbay /

) 4 a8 12 (for Wing)
Uncorrecled angle of atfack, @y, deg

Figure I7.— Section [iff characteristics for the midspan of the wing and the wing with various

leading —edge infets.

62ATSY W YOVH

6¢



ko NACA RM AS1E29
1O
& Vo %
.08 /7 /6 P
¥ 8 N a
3 Z ’ 4 A1 16
B
£ 4 o AW =
S ° [Percent VRV o
LX) span
station // //
S 4 I
= ezl 27{/ /
5. A7
® / 725 / //72.5
« — — Wing /
0 L L
o 4 8 2 0o 4 8 /2
o 4 8 2 o 4 8 2
Uncorrected angle of atfack, «,, deg
(a) ds/t, 020, &, O° (b) d/t, 0.20, &, 20°
{7,
; »;
K- 1 // //.6' / ’/ /
// V. /8 '/ // /
6 A Zaik /4 //// ,//
L—T ©
¢ / av.
4 / /
275 275 / '
2 A Y
/ 72.5 / 725 ﬂ
0 ié J 1/ L
o 4 &8 2 o 4 8 2
o 4 8 12 o 4 &8 /2
@, deg @, deg

(c) d/t, 0.20, &, 35° (d) dst, 0.25, &, 20°
Figure /8.~ Lift characteristics of sections al stalions 27.5-
and 72.5-percent span with various leading-edge inlels .



~
N

O
=

I
iy I
.'_h\
S.8 '
Q
3
o ° [} s a L ®
e KEIEEREREE o T3 TS TS
5 of L3 Y Ry N ¥ YL
IR N N I .S?.l Q
§ 9IS
]| X I |
B 9 S
%) =
LS| Lol Iof I 18] IS RERIERRERR
N Qo \ o S ) Qo clo Qo qlo
s )
N
0
0 =04 (for Wing) o ~04 o =04
Section pifching-moment coefficient, cy Cm G,W
(a) Midspan slation. (b) E7.5-percent fe} 72.5-percent
span station. span  stalion,

Figure 19.- Momeni characteristics for sections of Ithe wing and of the wing with various leading-
edge infets.

6SHTGV W VOV

TH.




Vsbe )J\ xy, 5
ol 29
8 5 /1%
/ \ 016 g
o .0l oy
E.. 008 _ / m t.).
¥ T -
$ o S I 5 oe - -
. 3 v
8 006 g
) V)
S Q 20 40 60 80 00 o N
. § ) @y, dog
Q08 O 008 |— = 1
R /}?ﬁ S £ ) H
i v )
006 VAl S o6 S A i
24, / ﬂ\ i g d
2 /
004 004 2.2
] 1
0 20 40 60 80 00 (7] 2 4 6 8 0
Percent  span /nlel velocity ratio, V,/Ve
(a) Spanwise variation of wake (b) Variation of wake drog
drag coefficienl, coefficient al midspan.

Figure 20.— Wake drag characlerisiics of the wing with an unslaggered leoding-edge inle! having
a a7t of 0.20.

62TIGY I VOVN




0o

0/0

008

L0086

008

Wake drag coefficient, ¢,

L00€

004

Vsl a,, 5°
o 0
o 3
[
%a
g1
20 40 60 80 _ 100
—
/1)
l b
20 40 60 80 100

Percent  span

(a) Sponwlse variofion of wake

drag coefficient.

drag coefficient, ¢,

Wake

0l4

oz

010

3

o
S

004

62EICY WY VOVM

N

XL ‘]\ @y, dag
) 6
* ﬁ> t J’ﬁj s
LA ' 2
2 I Il
0
—0
o 2 4 ) - 10
Infet veloelly raflo, V,/Ve
(b) Variatlon of  wake drag
coefficient at midspan.

Flgure 21~ Wake drag characteristics of the wing with o leoding-edge inlet having a d/f of 020
with Z20° slagger.

&R



010 &
o v,:é:f. _L oo
» / '
{1
> 006 4 o 7
S0 220 40 60 s 100
.§ >
S oz
.‘:: e, O° N
g .fﬁ‘ 5
3 00 y 3
A ] [
v i o
o ‘-E ©
% 008 Jf 2
N il |1 3
006 ,/ t\\ £
R a :
3
ooa| | &

0 20 40 60 80 o0
Percenl!  span

(a) Spanwise variation of wake
drag coefficienl.

Figure 22.- Wake drag characleristics of ihe wing with a [eading-edge infet having @ ds/t of

035 with 20°

o4

02

010

008

006

004

Infet velocity ratio, V,/Ve

(b) Varietion
coelficient!

sfagger.

of wake drog
al rmidspan.

P
<>/] F\\ oy, deg
K
TJ
—t——l— 7
0 2 4 & a 10

62TTGY WY VOVN




Vst \

010 o 0

o 4 ,‘
/

008 ol ] I -
< 0 !
. O 20 40 60 8 oo
k
8
8 0”2
S ¢ &, 0°
8 }

o 0/0 —} i
Q
g 171
[/
e 008 1 .,
3 / '
o]
1J

/ %&

g-ra4 a L Te

004 'n’

o 20 40 60 g0 100
Percenl  span

(a) Sponwise varialion of woke
drag coefficient.

drag coefficienl, ¢4

Waoke

Oi4
o, deg

o 0o

AT
012 n 2

O 5
0210 L

>
008 L /
| ¢
006
004 SH
0 L 4 b 8 10

Inlet velocity ratio, V,/Va

(b) Variation
coefficient

of waoke drag
al  midspon.

Figure 23~ Wake drag characlerisiics of the wing with a /leading-edge inle! having a d/t
of 0.50 with Z20°

slagger.

A

6cTIGY WH YOVM



NACA RM AS1E29

/-
| A

Rake focalions

00
NE V,/ Ve
AR
80 NN —_—
A\ O\ 4
TS ~) -—_— 8
60 P> —_— 12
\V\:\b§ —————— /.6
40 =
20
e 0 J25-paercent span
/00 <
1 N
Gk SN N
~ 80 RS N
b \,
E 60 \\ \‘\ I\
N \QE\ =T S A e
Q) RN
S 40 S -
Q "
R 20 N
}
§ 0 37.5-percent spon 80-percen! span
/00
A Y )
&0 x A
“:.. \‘
LAY N
60
.\ N
40 '\ti:.,\\ \:?_
. Rt N~
20 — S
62.5-percent spon 675-percent span

0
c 2 4 6 & fto 2o 2 4 6 & o £
Angle of attack, a,, deg
@ dst, 020.
Figure 24.~Ram-recovery characteristics of various [eading-edge inlets
with 20° stagger.



NACA RM AS51E29

g oo e P

Roke [locations

100 =

/‘//
=
N
=

\1
80 \ Y _ 1

60 “# 3

40 = \

20 Y

N ;
80 TN \\\

40 NS

2
y 404
/

'V

20 —

Ram — recovery

100 <

/

: N
80 N N

60 === =

>
Vilvd
\

|

i

|

!

k
/

40 S -

20

NA
56-percent spon 6l-percent spon \Sé’r/

[

o 2 4 6 & o o 2 <4 6 & [0 £
Angle of affeck, a«, deg

) dsf, 035
Figure 24.— Confinved.

o




He-po

Hpo

ratio,

Ram - recovery

NACA RM AB1E2Q

(0 54 @ 2 @

Rake /localions

vV
—_—— 0
4
___________ .8
100 = S
. TN
AN N\
&80 K
A N \\
R o N i
A e
60 - <
N ~
40 P N ~ i ‘\\\\ \\"‘%
~ ]
] \\X
20 ~
0 q40-percent span 46-percen! span
/00 3 N
\\ \\ - ~
80 RSN T
R NER
Y Y ~J_ p——
60 === S NN S I O e Y s N
.“\ \\ ‘\
\NS\\ Proe
40 N -
20
ACA, i
0 S54-percent span 60-parcent span IN ]

o 2 4 6 & o 20 2 4 6 &8 [0 £
Angle of atfack, «. deg

(c) drst, 050.
Figure Z24.- Concluded.

RACA-Langley - §-13-51 - 335



